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The relationships between environmental exposure and health outcomes are complex,
multidirectional, and dynamic. Therefore, it is required to have an understanding of these
linkages for effective health risk communication. Artisanal gold mining is widespread
globally, in spite of its associated health hazards, with an estimated 30 million people
engaged in it. In this study, the relationships between artisanal gold miners knowledge
of environmental and health effects of mercury (Hg) and compositional, contextual and
occupational factors were assessed using generalized linear models (GLM) (negative
log-log regression). A cross-sectional survey in three urban gold mining hubs in Ghana
(Prestea, Tarkwa and Damang), was carried out among 588 (482 male and 106 female)
artisanal gold miners. The results showed that 89% of artisanal gold miners had very
low to low levels of knowledge whereas 11% had moderate to very high levels of
knowledge of deleterious health effects of Hg. Also, individuals who perceived their
health-related working conditions to be excellent had very low to low levels of knowledge
of environmental and health effects of Hg. Interestingly, artisanal gold miners who
were still working were less likely to know the environmental and health effects of Hg
compared with their counterparts who were currently unemployed. Similarly, artisanal
gold miners who had attained either primary or secondary education were less likely
to know the environmental and health effects of Hg compared with their counterparts
who had no formal education. This finding, although counterintuitive, can be understood
within the context that artisanal gold miners in Ghana without formal education tend to
have considerably higher number of years of practical experience compared with their
counterparts with formal education. Based on odds ratios (OR), female artisanal gold
miners were 68% less likely to know the environmental and health effects of Hg compared
with their male counterparts (OR = 0.32, p < 0.05). Artisanal gold miners who had
previously encountered occupational health problems were significantly far more likely
to know the environmental and health effects of Hg compared with their counterparts
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without any previous occupational health problems (OR = 4.86, p < 0.0001). Although
artisanal gold miners who are 25–34 years old were more likely to know than their
counterparts who are 18–24 years old, there were no differences in knowledge between
those who are 35 years or older and their counterparts who are 18–24 years old.
These results emphasize the complex relationships between compositional, contextual
and occupational factors on the one hand, and artisanal gold miners’ knowledge of
environmental and health effects of Hg, on the other hand. Some policy implications of
the findings suggest that a more systematic approach to the development and evaluation
of interventions to phase out Hg use in artisanal gold mining is desirable, with clearer
recognition of the interrelationships between compositional factors of artisanal gold
miners and their persistent reliance on Hg in the gold extraction process.
Keywords: gold miners, risk, perception, knowledge, health, environment, Ghana
INTRODUCTION
Millions of people in developing countries are involved with
artisanal gold mining, accounting for approximately 20–30%
of the world supply at 500–800 tons/year (Telmer and Veiga,
2009; Spiegel and Veiga, 2010). Artisanal and small-scale gold
mining (ASM) is a poverty-driven activity that provides an
important source of livelihood for many rural communities
(Hilson, 2013; Hilson et al., 2014; Armah et al., 2016). It is
therefore unsurprising that this phenomenon is thriving in
sub-Saharan Africa (Hilson, 2013) where poverty is rife. The
economic impacts of gold mining operations are inextricably
linked to its social and environmental impacts. Many social
problems are direct consequences of poverty, and if gold mining
helps a community become prosperous, it may also help it tackle
social ills such as malnutrition, illiteracy, and poor health. On the
other hand, mining activities may cause pollution in rivers and
damage fish stocks, for instance, or by appropriating grazing land
and forestry resources resulting in further economic hardship.
This, in turn, may exacerbate existing socio-environmental and
health problems or create new ones. For instance, as the price of
gold has been increasing, the number of artisanal gold miners has
risen to between 10 and 15 million people worldwide, producing
from 500 to 800 tons of gold and emitting as much as 800–1000
tons of mercury (Hg) annually (Veiga and Baker, 2004; Swenson
et al., 2011).
The World Health (World Health Organization (WHO),
2003) places the limit of public exposure at 1000 ng/m3 (annual
average) and the recommended health-based exposure limit for
metallic Hg is 20,000 ng/m3 (this value is an average exposure
over a normal 8 h day and 40 h work week, the limit would
be lower for workers who observe longer hours). A plethora
of health effects of mercury exposure to humans are well-
documented in the literature. At present, these are understood
to be neurological, renal, cardiovascular and immunological
impacts. Chronic exposure to mercury can cause damage to the
brain, spinal cord, kidneys, and liver (Bose-O’Reilly et al., 2010a;
Cordy et al., 2011). Mercury is a potent neurotoxin, and airborne
emissions pose significant health and environmental concerns
(Obiri et al., 2010). Studies show that exposure to mercury
during pregnancy can lead to neurodevelopmental problems in
unborn babies and young children (Bernhoft, 2011). Mercury
exposure or poisoning can harm the major organs such the
brain, heart, kidneys and lungs and young children may develop
impairment of peripheral vision, and disturbance in sensations
including the ability to feel, see, move and taste, and can cause
numbness. Long-term exposure can lead to progressively worse
symptoms and ultimately personality changes, stupor, and in
extreme cases, coma, or death (Bernhoft, 2011). Recent findings
have described adverse cardiovascular and immune system effects
at very low levels (Karagas et al., 2012). Nevertheless, the
health of artisanal miners is obviously at risk, and residents
in nearby communities can also suffer symptoms of chronic
mercurialism when vapor and mercury laden dust enter and
deposit in their homes (Swain et al., 2007; Schwarzenbach et al.,
2010). Mercury in any form is poisonous, and the severity of
mercury’s toxic effects depends on the form and concentration
of mercury and the route of exposure. Exposure to elemental
mercury can result in effects on the nervous system, including
tremor, memory loss and headaches (Bernhoft, 2011; Armah
et al., 2012). Other symptoms include bronchitis, fatigue, weight
loss, gastro-intestinal problems, thyroid enlargement, gingivitis,
excitability, unstable pulse, and toxicity to the kidneys (Bernhoft,
2011; Houston, 2011).
Artisanal gold mining using mercury nearly disappeared in
the mid-twentieth century, displaced bymore efficient large-scale
mining operations that use cyanide. However, the rise in gold
prices, coupled with political and socio-economic instability in
some areas in the 1970s, made gold mining appealing again to
poor operators who could not afford more modern technology
(Wilson et al., 2015). This past decade’s boom in gold prices
piqued the interest of both artisanal and industrial mining
operations. However, the slump in prices over the past year has
caused some mining companies to scale back their ambitions,
while the more nimble artisanal miners, with their lower
overhead and ease of evading environmental and labor laws,
continue to thrive (Armah et al., 2013b; Sieber and Brain, 2014).
Notwithstanding the well documented adverse health effects of
mercury, artisanal gold mining, as an occupation, continues to
rely, almost exclusively, on the use of mercury in gold extraction
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despite safer alternative technologies and the elimination of
mercury use by large-scale mining operations. In fact, artisanal
gold mining is the largest single source of atmospheric mercury,
accounting for 37 percent of annual emissions. It is argued
that the use of mercury in artisanal gold mining is persistent
because miners often are not aware of the risks involved in
using mercury, and/or they may not have a choice in the matter
(Telmer and Stapper, 2012). Artisanal miners will continue to use
mercury so far as they perceive that the benefits of this technique
outweigh the costs. In order to shift attitudes and raise awareness
of the dangers and risks associated with mercury use, miners
must be made aware of the potential health consequences from
mercury and introduced to new techniques that minimize the
amount of mercury used or replace mercury amalgamation with
safer alternatives (Eisler, 2003; Sieber and Brain, 2014; Veiga
et al., 2014). Yet, studies on how population composition and
contextual factors influence the knowledge of artisanal miners
on health effects associated with mercury exposure are rather
limited. This is a fundamental motivation for this study. Even
those artisanal miners who are aware often cannot afford or lack
access to safer alternatives. According to Sieber and Brain (2014),
mercury remains relatively cheap and readily available. No special
equipment is needed for its use in amalgamation, so it is easy
for miners to move from one location to another and seek out
richer deposits or evade arrest for this illegal activity (Armah
et al., 2013a).
Using Ghana as a case study, this study assessed the
knowledge of artisanal mine workers on the health effects
associated with mercury exposure. Ghana was chosen for three
fundamental reasons. First, Ghana is the second largest African
gold producer and the ninth largest globally. Artisanal miners
contribute significant to this production (Wilson et al., 2015).
Ghana accounts for over 3% of world gold production. This is
noteworthy given that no single country produces more than
about 14% of the world’s gold, which shows that gold mining
is a truly global industry. Gold overtook cocoa as Ghana’s
principal export in 1991 and the IMF estimates that by 2014,
gold mining will contribute around $3.8bn to Ghana’s balance
of payments. In 2010, tax collected from the mining sector by
the Ghanaian Revenue Authority totaled $170 million, 24% of all
company tax collected (Oxford Business Group, 2013). Second,
the number of artisanal gold miners in Ghana, particularly
the Chinese, has increased dramatically since the mid-1990s in
defiance of government regulatory mechanisms (Armah et al.,
2013b). The total number of artisanal gold miners is estimated
at 180,000–200,000 (see Buxton, 2013). Third, a substantial
body of literature has been devoted to artisanal gold mining
in Ghana (see Armah et al., 2010; Armah and Gyeabour, 2013;
Hilson, 2013; Hilson et al., 2014; Macdonald et al., 2014; Calys-
Tagoe et al., 2015). Yet, there is currently too little quantitative
information on the relationship between artisanal goldminers
evaluation of mercury-induced health effects and compositional
attributes (biosocial and sociocultural) and contextual factors.
In response to this knowledge gap, two research questions
were formulated to guide the study. First, how do population
composition and contextual factors influence artisanal gold
miners knowledge of the health effects of mercury exposure?
How is the relationship between artisanal miners’ knowledge of
health effects and these factors modified when environmental,
health, safety, and economic conditions within the occupational
setting are taken into account?
THEORETICAL CONTEXT
The existing evidence concerning the relationship between
knowledge of health effects of mercury intoxication and
compositional, contextual, and occupational factors is relatively
limited, as the research has mainly focused broadly on the
links between water and Hg-related environmental pollution, or
biota, with a fewer number of studies focusing on alternative
technologies and on mercury pollution in particular (see
Jønsson et al., 2013). The evidence available, covering a number
of sub-Saharan African countries, generally shows significant
associations between artisanal gold mining and pollution of
environmental media and biota (see Nweke and Sanders, 2009;
Shandro et al., 2009; Bose-O’Reilly et al., 2010b; Spiegel and
Veiga, 2010). However, only few studies have investigated
the independent effects of compositional, contextual, and
occupational factors on knowledge of artisanal goldminers
regarding mercury use, and these studies have reported mixed
results (see Charles et al., 2013).
In the international policy discourse on sustainable
production of gold, education is acknowledged to be a powerful
tool in changing unsustainable patterns of production (e.g., the
use of mercury in gold extraction). Yet, it is known that the
relationship between knowledge and action is not linear and that
knowledge does not always translate into action (knowledge-
action gap). In the artisanal gold mining sector, Buxton (2013)
has underscored this gap and the need to bridge it in order
to offer sustainable livelihoods for poor and small-scale gold
producers in developing countries. People who take risks are
not necessarily less knowledgeable than those who do not take
risks as, typically, those who know more tend to judge the risk
to be smaller (Johnson, 1993). Perceived risk and knowledge
are correlated although the strength of the association is quite
modest in size, suggesting that the variance in the perception of
risk cannot be explained by variation in knowledge.
Health risk assessments in occupational settings often give
little consideration to the differences in how individuals assess
exposure, probability, consequence, and overall risk. Research
related to occupational health and safety generally focuses on
the management of worker safety with limited concern for the
subjective interpretation of safety risks and effects. Furthermore,
little is known about how compositional contextual and
occupational settings jointly influence knowledge of Hg-related
health risks. The identification of levels of risk is predicated
on both objective and subjective evaluation of probability and
consequence. Therefore, it is expected that even among artisanal
gold miners there will be heterogeneities in perceptions especially
with regard to the probability and consequence of events.
Individual perception of risk is not entirely reliant on the physical
environment. Slovic (2000) notes that people imagine risk as
a result of what they believe to be the likely outcome, the
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chance of the outcome actually occurring and how concerned
they are if it does happen. In this context, several covariates
underpin how artisanal gold miners view the work environment,
the tasks to be done as well as the health risks associated
with those tasks. According to Spurgeon et al. (1996), intrinsic
attributes, such as experience, memory, and stress, along with
extrinsic attributes, such as exposure and sensory information,
and the work environment, combine to influence their perception
and the decisions they make. The foregoing underscores the
fact that health risk perception is socially constructed. The
constructivist notion of risk perception suggests that risks are
not entirely determined by prevailing environmental reality.
They are expressed at both individual and societal levels in
multifaceted settings (Kasperson and Kasperson, 1996; Jasanoff,
1999), not necessarily including science (Davis, 2005). Sjoberg
has also demonstrated that covariates including the gravity of
consequences and the perceivers (e.g., artisanal gold miners)
stake in the risk were likewise vital determinants of the ensuing
scope of demand for mitigation of a particular risk (see Sjoberg,
1999). Therefore, assessing the complex social, psychological,
political, economic, and cultural factors influencing public
perception of risk is critical for managing health risk effectively.
Beyond this, it has been demonstrated that public acceptance
of risk is predicated on perceived economic benefits associated
with the activity (Slovic et al., 2005). Issues emanating from the
dichotomy of socio-economic benefits and environmental risks
are particularly serious in rural communities, which have isolated
and highly limited economic development pathways. It is in this
context that this paper must be understood.
MATERIALS AND METHODS
This study was conducted as part of the natural resource
and environmental governance (NREG) initiative in Ghana
from January to September 2011. Mining in Ghana has
been characterized by divergent interests, cultures and
institutions, lack of clarity over legal compensation and the
distribution of benefits, conflict and a lack of trust between
communities, industry and Government, as well as tensions
between local communities and migrants (Armah et al., 2014).
Moreover, large-scale mining operations often cause involuntary
resettlement, resulting in loss of land, livelihoods and resources
for local communities. Another area of concern has been
the environmental damage resulting from mining activities,
especially unregulated artisanal gold mining. Conscious of
these challenges, the government of Ghana and its development
partners identified establishment of a modern policy and
regulatory framework, the improvement of mining sector
revenue collection, management, and transparency and the
tackling of social issues in mining communities as critical areas
for reform under NREG.
Study Area
The study was undertaken in the Tarkwa Nsuaem and Prestea
Huni Valley Districts in the Southwestern part of Ghana as shown
in Figure 1. In this area, artisanal goldmining is extensive and
three of the largest surface mine concessions in Ghana that is
Bogoso–Prestea, Tarkwa, and Damang are sited here (Armah
et al., 2016). According to Kuma and Younger (2004), the study
location forms part of an important gold belt of Ghana, which
originates from Konongo to the northeast through Tarkwa to
Axim in the southwest. It is therefore unsurprising that mining
is the main industrial activity in the area. Inhabitants of Tarkwa
and its environs have a long history of alluvial mining, locally
referred to as galamsey. A snapshot of the geological setting
and mineralization suggests the Tarkwa ore bodies are part
of the Tarkwaian System, which forms a significant portion
of the stratigraphy of the Ashanti Belt in southwest Ghana
(Leube et al., 1990; Milési et al., 1991; Dzigbodi-Adjimah, 1993).
It has also been suggested that the north-easterly segment is
broadly a synclinal structure constituted by Lower Proterozoic
sediments and volcanics beneath which lies the metavolcanics
and metasediments of the Birimian System (Leube et al., 1990;
Milési et al., 1991; Dzigbodi-Adjimah, 1993). Zones of intense
shearing are defining characteristics of the junction of the
Birimian and Tarkwaian systems and embodies a number of
significant shear-hosted gold deposits. It is argued that the
Tarkwaian system overlies the Birimian in an uncomfortable
manner and is characterized by lower intensity metamorphism
and the predominance of coarse-grained, immature sedimentary
units (Leube et al., 1990; Milési et al., 1991; Dzigbodi-Adjimah,
1993). The geology of the area makes it highly attractive for
mining and several concessions have been granted to both large-
scale and small-scale mining companies.
Gold surface mining concessions are frequently granted
for areas dominated by settlements and farmland, resulting
in substantial conflicts between mining companies and local
communities. Perhaps, the area has one of highest per capita
of artisanal gold miners in Ghana and thus offers unique
opportunities to better understand gold mining effects on local
livelihoods and human health.
Two climatic regions characterize the Tarkwa Nsuaem and
Prestea Huni Valley Districts. In this context, Dickson and
Benneh (2004) suggest that the southern portion of the study
area falls in the south western equatorial climatic region and
the northern part has a wet semi-equatorial climate. The
rainfall pattern generally follows the northward advance and the
southward retreat of the inter-tropical convergence zone that
separates dry air from the Sahara and moisture-monsoon air
from the Atlantic Ocean (Dickson and Benneh, 2004). The area
experiences two distinct rainy periods (double rainfall maxima).
The first and larger peak occurs in June, whilst the second and
smaller peak occurs in October. The mean annual precipitation
is more than 1750mm with approximately 54% of rainfall in the
region occurring betweenMarch and July. The area is very humid
and warm with temperatures between 26 and 30◦C (Dickson and
Benneh, 2004).
Data Collection
The data were obtained with the help of structured questionnaire.
To assess the feasibility of the questionnaire, it was tested
among 15 volunteers with a similar socioeconomic background
as the study participants. The study was undertaken between
January and August 2011. The ethical approval was obtained
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FIGURE 1 | Map of the Tarkwa Nsuaem and Prestea Huni Valley Districts in Southwestern Ghana (source Armah et al., 2012).
from the Ghana Health Service ethical review board. Before
conducting the survey, we informed and discussed with
the participants the nature of the research. Participation
of respondents was voluntary. The pilot group was first
asked to complete the questionnaire, to explain some of
the questions to the investigators and to comment on
comprehensibility; this led to minor modifications of the
questionnaire to improve understanding. Based on the objectives
of the study, the questionnaire was structured into four
sections: socio-demographic, knowledge of health effects of
mercury intoxication, and occupation-related quality measures.
The demographic aspects include responses on the number of
people engaged in the mining and ancillary activities, types of
human habitats and proximity to the pitting sites, sex, age,
marital status, ethnic origin, education, religion, income, and
work shifts. This section also includes an assessment of social
behavior of the artisanal gold mining community. The section
on knowledge of health effects entails detailed description of
the overall processes of gold production; focusing on the use
of mercury in gold amalgamation, amount of mercury used
and activities linked to artisanal gold production (mercury
selling, gold trading, catering for miners, etc.). Occupation-
related quality measures include artisanal miners’ self-ratings on
environmental, safety, health and economic conditions within
the employment setting.
Artisanal gold miners who were 18 years or older at the time
of survey and had continuously lived in the mining community
for at least 1 year were eligible for recruitment and inclusion
in the study. Potential participants were excluded if they have
been absent from work in the past 1 year (to reduce recall
bias), had been engaged in artisanal gold mining for less than 1
month or had shifted permanently from artisanal gold mining to
another occupation (e.g., petty trading, large scale mining, etc.).
Sampling for the study was systematic: all individuals meeting
the inclusion criteria were approached. A general introduction
to the study was given each morning by the researcher team.
On meeting the research team and after screening for eligibility,
individuals were taken through the study information sheet
and informed consent process. Written consent was given for
participation. A total of 603 participants were recruited however,
15 individuals (9 males and 6 females) declined participation.
Reasons for non-participation included time constraints due
to work schedule and domestic activities, personal disinterest
and apathy due to unmet expectations of previous researchers.
In the context of unmet expectations, it is pertinent to note
that two issues came to the fore during the recruitment of
participants. According to the artisanal goldminers who declined
to participate in the study, some researchers promised that their
research findings will inform government on the need for their
inclusion in the formal economy. Several years thereafter, this
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has not happened. In fact, they contend that their plight has
rather worsened warranting their decision to not participate in
ongoing and future studies. Also, some of them indicated that,
in the past, after they had granted interviews to researchers,
government and security officials often invaded their mining
sites the following week. The propinquity of the two events
motivates them to think that it cannot be coincidental. Based on
the inclusion and exclusion criteria as well as non-participation,
a sample size of 588 consisting of 482 males and 106 females was
obtained. Participants were resident in Prestea, Asamankakraba,
Kamporasi, Tarkwa, Akoon, Abontoako, New Atoano, Kofi
Gyan, Cyanide, Brahabobom, Teberebie, and Low Cost. Others
were resident in Huni Valley, Nsuta, Tamso, Simpa, Dompim,
Nzemaline, Wassa Nkran, Efuanta, Damang, Dumasi, Dwabeng,
Bogoso, and Bankyim.
In addition to the responses elicited via survey questionnaire,
the quality of the ambient air where artisanal goldminers
operate was assessed. One important air quality indicator namely
suspended particulate matter (SPM), which is a complex, multi-
phase system of all airborne solid and low vapor pressure liquid
particles having aerodynamic particle sizes from below 0.01–
100µm and larger was measured. This air quality indicator
comprises both total suspended particulates (TSP) and PM10 and
was monitored using an Environmental Particulates Air Monitor
(Model: EPAM-5000).
Measures
Dependent Variable
A Likert scale was developed for questionnaire responses on
mercury-related health effects based on the literature (see
World Health Organization (WHO), 2007; Steckling et al.,
2011; Tomicic et al., 2011). The researchers ensured that
acquiescence and habituation response bias (see Holbrook, 2008)
were minimized. This was accomplished by allowing for question
randomization; interspersing matrix questions with other types
of questions and scales, and phrasing some questions in amanner
that made respondents switch their thinking. Regarding the
latter, we asked a series of positive questions in the survey
questionnaire, and then threw in a couple of questions worded
differently so as not to allow habituation or acquiescence.
Artisanal gold miners were asked to select whether they
strongly disagree, agree, were undecided, agree or strongly agree
with a series of questions on the health effects of mercury such
as neurotoxicity, mental retardation, seizures, vision and hearing
loss, delayed development, language disorders, memory loss
frequent headaches, sleep disorder, unusual tiredness, trembling,
and vision disorder, and kidney dysfunction or kidney damage.
Based on the responses, some of the items were reverse coded
to ensure that higher values correspond to accurate knowledge
of health effects. The outcomes variable was derived from the
scores on all the items on health effects of mercury. Scores that
were greater than 3 on each item were considered as accurate
knowledge of health effects of mercury.
Independent Variables
The inclusion of key independent variables in the model
was based on theoretical relevance, practical significance and
potential confounding. Variables that have frequently been
shown to systematically vary with public knowledge were
included. These include compositional attributes (including age,
sex, and marital status, level of education, income, employment
status, years of experience and ethnicity) and contextual factors
such as number of years of residence in the community. We
anticipate that educated individuals will be more likely to be
knowledgeable about health effects of the work environment.
Socio-culturally, educated individuals are also less subservient to
norms and practices that adversely affect their occupation choices
and health outcomes. Also, the general presumption in the
literature is that the location of artisanal mine site distinguishes
clearly between poor and good sanitation, housing structure and
availability of disaster relief and health resources. In Ghana,
not only are rural populations disadvantaged socio-economically,
they are also historically underserved in health infrastructure
and emergency relief personnel. Beyond these factors, the
nature occupational setting including the environmental, safety,
economic and health conditions also play a role in the
health outcomes of artisanal gold miners. For this reason,
these set of factors were also included as predictors in the
analyses.
Statistical Analyses
Kolmogorov-Smirnov tests (see Lopes, 2011) were used to
determine whether the random sampling data were normally
distributed. In instances where this assumption of normality was
violated, non-parametric statistics was used. The relationship
between artisanal goldminer’s knowledge of health effects of
mercury intoxication on the one hand, and compositional,
contextual and work-related quality indicators was assessed
using a generalized linear model (GLM). The work-related
quality indicators included health, safety, environment, and
economic working conditions, and the frequency and duration
of occupational health problems.
The GLM simplifies linear regression by allowing the model
to be related to the response variable via a link function and by
allowing the magnitude of the variance of each measurement to
be a function of its predicted value (Aitkin et al., 2005). Under
the assumption of binary response (i.e., had accurate knowledge
of the health effects of mercury exposure or not), there are
several potential GLM alternatives: the logit model, probit model,
negative log-log and complementary log-log models depending
on the link function of the GLM (Aitkin et al., 2005; Fahrmeir and
Tutz, 2013). Both logit and probit link functions have the same
property, which is link
[
pi(x)
]
= log
[
− log(1− pi(x))
]
. In this
equation, the notation pi is the probability that an observation is
in a specified category of the binary outcome variable (i.e., had
accurate knowledge of the health effects of mercury exposure or
not), generally called the “success probability.” In this equation,
the response curve for pi(x) has a symmetric appearance about
the point pi(x) = 0.5 and so pi(x) has the same rate for
approaching 0 as well as for approaching 1 (Fahrmeir and Tutz,
2001; Aitkin et al., 2005). Such a curve reflects a situation in
which 50% of participants have accurate knowledge of the health
effects of mercury exposure. In this study, however, only 8%
of respondents had accurate knowledge of the health effects of
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mercury exposure indicating asymmetry in the distribution of
the responses. For this reason, a negative log-log link function is
rather appropriate for modeling the outcome variable (Fahrmeir
and Tutz, 2001; Aitkin et al., 2005).
The objective of the study and theoretical relevance informed
the sequence of entry of the variables into the statistical models.
For analytical purposes, the odd ratios (OR) were estimated in
the nested/incremental models, which were built starting from
individual level characteristics through to occupational settings
(i.e., compositional, contextual, and occupational factors). OR =
1 implies that higher values of the predictor does not affect
the odds of having accurate knowledge of the health effects
of mercury exposure; OR > 1 implies that higher values
of the predictor is associated with higher odds of accurate
knowledge of the health effects of mercury exposure, and OR <
1 implies that higher values of the predictor is associated
with lower odds of accurate knowledge of the health effects of
mercury exposure. The GLMs are built under the assumption
of independence of subjects, but the cross-sectional survey has
a hierarchical structure with respondents nested within survey
clusters, which could potentially bias the standard errors. STATA
13 (StataCorp, College Station, TX, USA), which has the capacity
to rectify this issue, is operationalized by introducing a “cluster”
variable, the identification numbers of respondents at the
cluster level, in the regression models. The standard errors (SE)
are subsequently adjusted thereby ensuring statistically robust
parameter estimates. Analyses were preceded by diagnostic
tests to establish whether variables met the assumptions of
the regression model. Univariate analysis of the categorical
predictors was operationalized via Pearson’s chi-square statistics.
For continuous variables, one-way analysis of variance (ANOVA)
was computed. Zero-order associations between the dependent
variable and the determinants were examined in the bivariate
analysis. For the null hypothesis, an alpha value of 0.05 was
considered as the threshold of statistical significance for both
bivariate and multivariate relationships.
RESULTS
In most of the locations where artisanal goldminers operate, the
levels of PM10 were higher than both the Ghana Environmental
Protection Agency standard of 70µgm−3 and the WHO
guideline value of 50µgm−3. In about 4 out of 10 sampling
locations TSP exceeded 200µgm−3. In this context, artisanal
goldmining locations in Prestea, Teberebie, Damang, Dumasi,
and Tarkwa were non-compliant. Overall, the foregoing results
suggest that the ambient air in some of the study sites was
polluted in terms of PM10 and TSP.
Univariate and Bivariate Analyses
Respondent characteristics are shown in Table 1. Age of
participants ranges between 18 and 62 years (mean= 25.54, SD=
4.38). Number of years of engagement in artisanal goldmining
ranges between 1 and 44 years (mean = 6.51, SD = 6.87).
Duration of residence in the community ranges between 1 and 60
years (mean = 26.19, SD = 13.87). There was a significant effect
of years of experience on artisanal gold miners’ knowledge of
TABLE 1 | Sample characteristics of artisanal gold miners.
Respondent
characteristics (%)
Male Female Inferential statistics
Marital Status chi2
(3)
= 20.6533
Pr = 0.000
Single 88.9 11.1 Cramér’s V = 0.1874
Married 77.5 22.5
Divorced 65.0 35.0
Widow/widower 100.0 0.0
Educational Attainment chi2
(3)
= 13.2926
Pr = 0.004
No education 100.0 0.0 Cramér’s V = 0.1504
Primary education 80.4 19.6
Secondary education 87.3 12.7
Tertiary education 68.2 31.8
Age chi2
(3)
= 2.0537 Pr = 0.561
18-24 83.3 16.7 Cramér’s V = 0.0591
25-34 80.6 19.4
35-54 84.4 15.7
55 or more 75.0 25.0
Currently Working chi2
(1)
= 10.5328 Pr = 0.001
No 74.5 25.5 Cramér’s V = −0.1338
Yes 85.5 14.5
Health-Related Work
Conditions
chi2
(4)
= 7.9604 Pr = 0.093
Very poor 80.0 20.0 Cramér’s V = 0.1164
Poor 82.9 17.1
Good 83.6 16.4
Very good 72.4 27.6
Excellent 100.0 0.0
Environment-Related
Work Conditions
chi2
(4)
= 10.0596 Pr = 0.039
Very poor 75.3 24.7 Cramér’s V = 0.1308
Poor 81.3 18.8
Good 86.2 13.8
Very good 86.7 13.3
Excellent 100.0 0.0
Safety-Related Work
Conditions
chi2
(4)
= 7.5171 Pr = 0.111
Very poor 77.9 22.1 Cramér’s V = 0.1131
Poor 84.3 15.7
Good 83.9 16.1
Very good 73.7 26.3
Excellent 100.0 0.0
Economic-Related Work
Conditions
chi2
(4)
= 14.1341 Pr = 0.007
Very poor 78.9 21.2 Cramér’s V = 0.1550
Poor 82.0 18.0
Good 77.4 22.6
Very good 91.6 8.4
Excellent 100.0 0.0
Occupational Health
Problems
Pearson chi2
(1)
= 0.1741 Pr
= 0.677
No 80.8 19.2 Cramér’s V = −0.0172
Yes 82.4 17.7
(Continued)
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TABLE 1 | Continued
Respondent
characteristics (%)
Male Female Inferential statistics
Awareness of Health
Effects of Mercury
Pearson chi2
(4)
= 9.7196 Pr
= 0.045
Very low 82.9 17.1 Cramér’s V = 0.1286
Low 78.9 21.1
Moderate 94.1 5.9
High 100.0 0.0
Very high 94.1 5.9
Duration of Occupational
Accidents
Pearson chi2
(1)
= 8.7253 Pr
= 0.003
No 78.4 21.6 Cramér’s V = −0.1218
Yes 88.1 11.9
Awareness of
Occupational Health
Risks
Pearson chi2
(1)
= 13.4426 Pr
= 0.000
No 72.3 27.7 Cramér’s V = −0.1512
Yes 85.5 14.6
health effects of mercury intoxication [ANOVA, F(2.84) = 345.67,
P < 0.0001]. Also, there were significant effects of residence time
[ANOVA, F(4.56) = 137.30, P < 0.0001] and age of participant
[ANOVA, F(50.40) = 6139.35, P < 0.0001]. Furthermore, there
was interaction between years of experience and age of artisanal
gold miners [ANOVA, F(5.02) = 493.36, P < 0.0001].
There were statistically significant differences in artisanal gold
miners’ knowledge of health effects of Hg by gender (χ2 = 9.72,
df = 4; p < 0.045), age (χ2 = 33.40, df = 12; p < 0.001),
educational attainment (χ2 = 120.82, df = 12; p < 0.0001),
and employment status (χ2 = 17.49, df = 4; p < 0.002). This
implies rejection of the null hypothesis of independence of these
variables. It also suggests that the results for the sample would
also be true for the larger population of artisanal miners from
which they are drawn.
Based on chi-square statistics, and in terms of proportions,
there were differences in awareness of health effects of
mercury exposure by education, current employment status,
environment-related working conditions and economic-related
working conditions between male and female artisanal gold
miners. However, there were no differences in age categories,
health-related working conditions and safety-related working
conditions between males and females (Table 1).
Knowledge of health effects of mercury intoxication are
shown in Table 2. Overall, there are significant differences in
the knowledge of artisanal gold miners by gender, educational
attainment, age groups and awareness of occupational health
risks. Similarly, differences in knowledge exist based on
employment status and working conditions at the various mine
sites. However, there are no differences in knowledge by marital
status. Interestingly, about 50% of artisanal gold miners without
formal education had very high levels of knowledge of the health
effects of mercury exposure. This appears counterintuitive until
it is juxtaposed with number of years of experience on the job.
This sub-group of artisanal gold miners happen to be the most
experienced because they abandoned school for artisanal mining
much earlier in the life course. Surprisingly, none of the artisanal
miners who had attained tertiary education had high or very high
levels of knowledge of mercury-related health effects (Table 2).
Further analysis was carried out to pinpoint disproportionalities
in sample distribution in relation to the level of knowledge
of health effects of mercury intoxication. About 88% of male
miners and 97% of female miners had low levels of knowledge of
mercury-related health effects. All artisanal goldminers who had
attained tertiary education had low levels of knowledge compared
with 92% and 88% of goldminers with primary and secondary
education, respectively. At least 8 out of 10 artisanal miners in
each age category had low level of knowledge of mercury-related
health effects.
Table 3 indicates the proportions of artisanal gold miners
based on their evaluation of a variety of working conditions. Very
good and excellent working conditions were reported by only a
few artisanal miners across age groups, educational attainment
and categories of marital status. At the bivariate level, almost all
of the theoretical factors were significant predictors of knowledge
of small-scale gold miners on environmental and health effects of
mercury. Bivariate results are reported in Table 4. On the whole,
the bivariate results indicate that the directions of the parameter
estimates were the same as in themultivariate model although the
magnitudes, to some extent, varied.
Marital status had no effect on artisanal and small-scale
goldminer’s level of knowledge of health effects of mercury.
Artisanal goldminers who had attained any level of formal
education were less likely to be knowledgeable about the
effects of mercury intoxication compared with their uneducated
counterparts. Miners in the 25–34 year category were 53%
more likely to know the health effects associated with mercury
use compared with those who were 18–24 years old. Female
artisanal goldminers were 39% less likely to know health
effects of mercury compared with their male co-workers. More
experienced artisanal miners were 4%more knowledgeable about
the effects of mercury intoxication compared with their less
experienced colleagues. However, artisanal miners who had lived
in the mining community for longer duration were 3% less likely
to know the health effects of mercury intoxication compared with
those who had lived there for a shorter period of time. Artisanal
goldminers who reported good health-related, environment-
related, safety-related, and economic-related working conditions
were 93, 127, 56, and 85% respectively, more likely to know the
health effects associated with mercury use compared with their
counterparts who reported poor working conditions.
Multivariate Analyses
The multivariate relationship between artisanal and small-scale
gold miners knowledge of the health effects of mercury and
the determinants are presented in Table 5. In the compositional
model, there were no relationships between gender and marital
status, on the one hand, and artisanal gold miners’ knowledge
of mercury-induced health effects, on the other hand. Artisanal
miners who had primary education were 87% less likely to have
accurate knowledge of the health effects of mercury compared
with their counterparts without formal education. Similarly,
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TABLE 2 | Levels of artisanal miners’ knowledge of Environmental and Health Effects of Hg (n = 588).
Respondent characteristics (%) Very low Low Moderate High Very high Inferential statistics
Marital Status Pearson chi2
(12)
= 14.0052 Pr = 0.300
Single 38.2 53.3 2.6 1.5 4.4 Cramér’s V = 0.0891
Married 28.3 59.4 3.3 2.5 6.5
Divorced 40.0 47.5 2.5 0.0 10.0
Widow/widower 100.0 0.0 0.0 0.0 0.0
Gender Pearson chi2
(4)
= 9.7196 Pr = 0.045
Male 34.2 53.5 3.3 2.3 6.6 Cramér’s V = 0.1286
Female 32.1 65.1 0.9 0.0 1.9
Educational Attainment Pearson chi2
(12)
= 120.8172 Pr = 0.000
No education 11.1 11.1 11.1 11.1 55.6 Cramér’s V = 0.2617
Primary education 32.6 59.5 1.4 1.4 5.2
Secondary education 34.8 53.2 6.3 2.5 3.2
Tertiary education 50.0 50.0 0.0 0.0 0.0
Age Pearson chi2
(12)
= 33.4054 Pr = 0.001
18–24 40.7 53.9 2.0 1.0 2.5 Cramér’s V = 0.1376
25–34 33.8 51.1 4.2 2.1 8.9
35–54 30.4 60.0 2.6 1.7 5.2
55 or more 3.1 84.4 0.0 6.3 6.3
Currently Working Pearson chi2
(4)
= 17.4939 Pr = 0.002
No 27.7 67.0 2.1 1.1 2.1 Cramér’s V = 0.1725
Yes 36.8 50.3 3.3 2.3 7.5
Health-Related Work Conditions Pearson chi2
(16)
= 75.9593 Pr = 0.000
Very poor 26.2 72.3 1.5 0.0 0.0 Cramér’s V = 0.1797
Poor 30.5 63.4 2.4 1.8 1.8
Good 35.9 45.9 5.0 3.2 10.0
Very good 37.9 44.8 0.0 1.7 15.5
Excellent 87.5 12.5 0.0 0.0 0.0
Environment-Related Work Conditions Pearson chi2
(16)
= 101.1795 Pr = 0.000
Very poor 28.8 70.6 0.7 0.0 0.0 Cramér’s V = 0.2074
Poor 31.7 63.4 1.8 1.8 1.3
Good 37.9 39.1 6.9 3.5 12.6
Very good 40.0 33.3 0.0 0.0 26.7
Excellent 57.1 28.6 0.0 7.1 7.1
Safety-Related Work Conditions Pearson chi2
(16)
= 69.9174 Pr = 0.000
Very poor 29.1 66.3 3.5 0.6 0.6 Cramér’s V = 0.1724
Poor 31.0 59.9 1.7 1.7 5.8
Good 40.3 43.6 5.7 4.0 6.5
Very good 42.1 36.8 0.0 0.0 21.1
Excellent 66.7 0.0 0.0 8.3 25.0
Economic-Related Work Conditions Pearson chi2
(16)
= 64.5959 Pr = 0.000
Very poor 42.3 57.7 0.0 0.0 0.0 Cramér’s V = 0.1657
Poor 30.9 64.8 2.2 1.4 0.7
Good 36.8 52.3 3.8 3.0 4.1
Very good 23.5 53.8 3.4 0.8 18.5
Excellent 66.7 33.3 0.0 0.0 0.0
Occupational Health Problems Pearson chi2
(4)
= 40.7227 Pr = 0.000
No 54.1 42.5 0.0 0.0 3.4 Cramér’s V = 0.2632
Yes 27.2 60.0 3.9 2.5 6.6
Duration of Occupational Accidents Pearson chi2
(4)
= 24.9421 Pr = 0.000
No 40.8 48.1 3.0 2.2 6.0 Cramér’s V = 0.2060
Yes 22.0 68.4 2.8 1.4 5.5
Awareness of Occupational Health Risks Pearson chi2
(4)
= 36.9350 Pr = 0.000
No 51.6 45.8 0.7 1.3 0.7 Cramér’s V = 0.2506
Yes 27.5 59.1 3.7 2.1 7.6
Frontiers in Environmental Science | www.frontiersin.org 9 April 2016 | Volume 4 | Article 29
Armah et al. Understanding Mercury-Related Environmental Health Risks
TABLE 3 | Distribution of artisanal gold miners by self-reported working conditions (n = 588).
Health-related work conditions (%)
Very poor Poor Good Very good Excellent
Age Pearson chi2
(12)
= 42.5325 Pr = 0.000
18–24 19.6 22.6 46.1 9.8 2.0 Cramér’s V = 0.1553
25–34 18.6 30.8 33.8 13.5 3.4
35–54 31.3 25.2 38.3 1.7 3.5
55 or more 31.3 50.0 6.3 12.5 0.0
Education Pearson chi2
(12)
= 55.2096 Pr = 0.000
No education 0.0 11.1 66.7 22.2 0.0 Cramér’s V = 0.1769
Primary 22.3 29.9 34.8 10.9 2.2
Secondary 21.5 27.9 45.6 3.8 1.3
Tertiary 31.8 18.2 18.2 18.2 13.6
Marital Status Pearson chi2(8) = 33.3947 Pr = 0.000
Single 18.5 23.0 48.2 8.2 2.2 Cramér’s V = 0.1685
Married 23.9 34.8 26.8 11.6 2.9
Divorced/widowed 33.3 14.3 38.1 9.5 4.8
ENVIRONMENT-RELATED WORK CONDITIONS (%)
Age Pearson chi2
(12)
= 49.6102 Pr = 0.000
18–24 23.5 33.3 36.3 2.9 3.9 Cramér’s V = 0.1677
25–34 27.0 35.9 27.0 9.3 0.8
35–54 29.6 41.7 27.0 0.0 1.7
55 or more 0.0 71.9 15.6 6.3 6.3
Education Pearson chi2(12) = 62.1893 Pr = 0.000
No education 0.0 11.1 66.7 11.1 11.1 Cramér’s V = 0.1878
Primary 29.4 40.2 23.9 4.9 1.6
Secondary 16.5 39.2 40.5 2.5 1.3
Tertiary 27.3 27.3 22.7 13.6 9.1
Marital Status Pearson chi2
(8)
= 22.6941 Pr = 0.004
Single 25.2 31.9 37.0 4.4 1.5 Cramér’s V = 0.1389
Married 24.6 42.0 23.2 6.5 3.6
Divorced/widowed 23.8 52.4 23.8 0.0 0.0
SAFETY-RELATED WORK CONDITIONS (%)
Age Pearson chi2
(12)
= 31.4706 Pr = 0.002
18–24 35.3 36.3 20.6 5.9 2.0 Cramér’s V = 0.1336
25–34 26.6 38.0 23.6 10.1 1.7
35–54 29.6 49.6 17.4 1.7 1.7
55 or more 9.4 65.6 18.8 0.0 6.3
Education Pearson chi2
(12)
= 58.7911 Pr = 0.000
No education 11.1 33.3 22.2 22.2 11.1 Cramér’s V = 0.1826
Primary 36.4 39.1 17.9 4.9 1.6
Secondary 17.7 48.1 27.9 6.3 0.0
Tertiary 18.2 36.4 22.7 13.6 9.1
Marital Status Pearson chi2
(8)
= 20.3548 Pr = 0.009
Single 35.6 37.8 19.3 6.7 0.7 Cramér’s V = 0.1316
Married 21.7 45.7 22.5 6.5 3.6
Divorced/widowed 38.1 33.3 23.8 4.8 0.0
artisanal miners who had attained secondary or higher education
had lower odds (OR = 0.12, P < 0.0001, CI: 0.045–0.332) of
knowing the effects of mercury intoxication compared with those
who had no formal education.
At the multivariate level, age was not a significant predictor
of knowledge except for artisanal miners in the 55 years or
older age category. This group of artisanal miners were 50%
less likely to know the health effects associated with mercury
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TABLE 4 | Zero-order relationships between artisanal and small-scale
gold miners knowledge of health effects of mercury use and
theoretically-relevant factors (n = 588).
Covariates
Marital status (Ref:
Single)
OR Robust
Std. Err.
P > z [95% Conf. Interval]
Married 1.18 0.14 0.164 0.936 1.480
Divorced 1.20 0.26 0.403 0.781 1.849
EDUCATION (REF: NO FORMAL EDUCATION)
Primary 0.15 0.06 0.000 0.065 0.337
Secondary or higher 0.13 0.06 0.000 0.057 0.300
AGE (REF: 18–24 YEARS)
25–34 1.53 0.21 0.002 1.163 2.002
35–54 1.27 0.21 0.164 0.908 1.762
55 or more 1.62 0.41 0.054 0.992 2.650
GENDER (REF: MALE)
Female 0.61 0.11 0.008 0.422 0.877
Years of experience 1.04 0.01 0.000 1.027 1.063
Duration of residence
in the locality
0.97 0.01 0.000 0.963 0.982
CURRENT STATUS (NOT WORKING)
Still working 1.48 0.20 0.003 1.138 1.923
HEALTH-RELATED WORK CONDITIONS (REF: POOR)
Good 1.93 0.25 0.000 1.501 2.474
ENVIRONMENT-RELATED WORK CONDITIONS (REF: POOR)
Good 2.27 0.29 0.000 1.772 2.911
SAFETY-RELATED WORK CONDITIONS (REF: POOR)
Good 1.56 0.19 0.000 1.235 1.974
ECONOMIC-RELATED WORK CONDITIONS (REF: POOR)
Good 1.85 0.28 0.000 1.371 2.494
EMPLOYMENT-RELATED HEALTH PROBLEMS (REF: NO)
Yes 1.40 0.20 0.019 1.058 1.865
Bold value indicates statistically significant relationships.
exposure compared with their counterparts who were in the 18–
24 years old group. As expected, artisanal gold miners with more
experience on job were more likely to be knowledgeable about
the health effects of mercury exposure (OR = 1.04, P < 0.0001,
CI: 1.021–1.063) compared with their colleagues with relatively
fewer years of experience.
When contextual factors were incorporated in themultivariate
model, several interesting relationships emerged (Figure 2).
First, it became apparent that contextual factors suppress the
relationship between marital status and artisanal gold miners’
knowledge of the health effects of mercury exposure. Also, the
relationship between primary level of educational attainment and
artisanal miners’ knowledge of mercury-induced health effects
disappeared completely indicating that contextual factors fully
mediate this relationship. Likewise, the relationship between
secondary or higher educational attainment was partially
mediated by contextual factors (i.e., the level of statistical
significance reduced).
Quite unexpectedly, individuals who had resided in the
gold mining locality for a relatively longer period of time
were 5% less likely to know the health effects of mercury
compared with those who had lived in locality for a shorter
period of time. Besides, the relationship between the 55 years
or more age category and knowledge was completed mediated
by contextual factors. Although, in the compositional model,
there was no statistically significant relationship between the
25–34 year group and knowledge of mercury-related health
effects, in the contextual model, there was suppression (i.e.,
it became statistically significant). The relationships between
knowledge and education, marital status and gender, both
in the compositional or contextual model, were not robust
and disappeared when occupational factors were considered.
Nevertheless, the relationships between artisanal miners’
knowledge and years of experience and age were robust
and persisted in the final model. Occupational factors also
suppressed the relationship between current employment status
and artisanal gold miners’ knowledge of the health effects of
mercury exposure (i.e., it became statistically significant in
the occupation model although it was not significant in the
contextual model). All occupational factors except safety-related
and economic-related working conditions were significant
predictors of knowledge of artisanal miners on the health effects
of mercury intoxication.
DISCUSSION
This paper set out to assess the independent effects of
compositional, contextual and occupational factors on artisanal
gold miners’ knowledge of the health impacts of mercury
exposure. Artisanal gold mining in Ghana is not a new
phenomenon. It is well known that the history of mining of
precious minerals spans over 1000 years (see Hilson, 2002)
and has shaped the goldmining and trading tradition anchored
within Ghanaian social, cultural, political and economic fabric
(Hilson, 2013). However, according to Armah et al. (2011),
the regulation of artisanal gold mining is relatively recent and
mining is set forth in the Small-Scale Gold Mining Law, 1989
(PNDCL 218). The Precious Minerals Marketing Corporation
Law, 1989 (PNDCL 219), set up the Precious Minerals Marketing
Corporation (PMMC) to promote the development of small-
scale gold mining in Ghana and to purchase the output of such
mining, either directly or through licensed buyers. A quarter of
a century later, this legislation has failed such that Ghana must
now cope with a new wave of miners, more scrupulous, and less
inclined to making a living on subsistence mining (Armah et al.,
2013b). Lately, residents in mining communities and other parts
of Ghana have expressed outrage over the increased presence of
Chinese mining companies that are buying up land with little
regard for the socioeconomic and environmental and health
repercussions on the local communities (Armah et al., 2013b).
Artisanal gold mining has come to stay, with some of
the artisanal miners we interviewed, in this study, asserting
that artisanal goldmining predates large scale mining. Artisanal
gold mining can be a resilient livelihood choice for people
who are vulnerable or looking for economic diversity in their
livelihoods (see Hilson, 2013). In fact, ASM generates up to
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FIGURE 2 | Graphical representation of the multivariate relationships between artisanal gold miners’ knowledge of health effects of mercury and
theoretically-relevant factors.
five times the income of other poverty-induced activities in
agriculture and forestry in rural settings. According to Buxton
(2013), ASM employs 10 times more people compared with
the large-scale mining sector, and engenders substantial local
economic development around ASM sites.
The influence of artisanal miners’ socio-economic attributes
on their knowledge of health effects of mercury was varied.
Education, years of experience and duration of residence in
the community were significant predictors of the knowledge of
artisanal miners on the health effects associated with mercury
intoxication. However, gender and marital status were not
statistically significant.
On the whole, experienced artisanal gold miners were more
likely to know the health effects of mercury exposure. Except
those who were 55 years old or more, age did not influence
the knowledge levels of artisanal gold miners on health effects
of mercury. Surprisingly, individuals who had lived longer in
the gold mining community were rather less likely to report
knowledge of the health effects of mercury intoxication. In
the literature, it has been suggested that exposure to inorganic
mercury can affect the kidneys, causing immune-mediated
kidney toxicity (Tchounwou et al., 2003). Effects may also include
tremors, loss of co-ordination, slower physical and mental
responses, gastric pain, vomiting, bloody diarrhea and gingivitis
(Obiri et al., 2010; nur Akyildiz et al., 2012). Symptoms of
methylmercury toxicity, also known as Minamata disease, range
from tingling of the skin, numbness, lack of muscle coordination,
tremor, tunnel vision, loss of hearing, slurred speech, skin
rashes, abnormal behavior (such as fits of laughter), intellectual
impairment, to cerebral palsy, coma and death, depending
on the level of exposure (Grandjean et al., 2010; Karagas
et al., 2012). In addition, methylmercury has been classified
as a possible human carcinogen by the U.S. Environmental
Protection Agency. More recently, additional findings have
described adverse cardiovascular and immune system effects at
very low exposure levels (see Karagas et al., 2012). According
to Bose-O’Reilly et al. (2010a), prenatal exposure to organic
mercury, even at levels that seem not to affect the mother, may
depress the development of the central nervous system and may
cause psychomotor retardation for affected children. Similarly,
Hong et al. (2012) suggests that minor delays in the nervous
system and general development may occur in infants ingesting
methylmercury in breast milk. Children who are exposed may
show impaired coordination and growth, lesser intelligence, poor
hearing and verbal development, cerebral palsy and behavioral
problems.
It is quite interesting that artisanal gold miners who had
attained secondary education or higher were significantly less
likely to report knowing the health effects of mercury exposure.
This result was unexpected given that, in the literature, a higher
level of educational attainment is often associated with higher
levels of knowledge. In the gold production chain, this highly
educated group is less likely to work in the pits compared
with those with primary or no education. Also, artisanal gold
miners whose highest educational attainment is at the primary
level were less likely to know the health outcomes of mercury
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intoxication compared with their counterparts with no formal
education. These results are rather counterintuitive. Ordinarily,
it is expected that formal education (schooling) will be positively
associated with knowledge.
Artisanal goldminers who had secondary or higher education
were less likely to report encountering health problems at work.
This finding is consistent with the literature as demonstrated
by Lynch (2003), Lleras-Muney (2005) and Cutler and Lleras-
Muney (2006). Lynch (2003) argues that a strong positive
association occurs between education and health outcomes
as evidenced by illness (morbidity), death rates (mortality),
health behaviors or health knowledge. According to Cutler
and Lleras-Muney (2006), the link between education and
health speaks to three conceivable categories of interactions:
(a) a causal relationship emanating from increased education
to improved health, (b) a reverse causal link, demonstrating
that better health leads to greater education; or (c) an
absence of a causal relationship between education and health,
which seem to be correlated owing to possible unobserved
elements affecting both health and education in a unidirectional
manner. Palpably, the three mechanisms are not mutually
exclusive. For this reason, it is to be expected that some
combination of the three is likely to provide the most plausible
explanation of the strong correlations regularly established
between education and health across countries (Lleras-Muney,
2005). Unobserved heterogeneity that likely contributes to the
third well-documented pathway comprise genetic traits, family
background and individual differences (Lleras-Muney, 2005).
Occupational factors such as environment-related and health-
related working conditions were significant predictors of
knowledge of artisanal miners on the health effects of mercury
intoxication. Considerably, health is determined by the type of
work undertaken, the likelihood of encountering hazards and
the physical work environment (Doyle et al., 2005). Beyond
these factors, the degree of control an individual has in the
working environment coupled with relationships with colleagues
and management cumulatively determine health (Pejtersen and
Kristensen, 2009; Nieuwenhuijsen et al., 2010). It has been
suggested that individuals with higher levels of educational are
more likely to work in a safer environment and report an
increased likelihood of having satisfying, personally worthwhile
jobs (Ross and Wu, 1995; Pejtersen and Kristensen, 2009;
Nieuwenhuijsen et al., 2010; Rugulies, 2012).
Policy Implications
Overall, this study shows a complex relationship between
artisanal gold miners’ knowledge of the health impacts
of mercury exposure and compositional, contextual and
occupational factors. For instance, some artisanal goldminers had
high level of knowledge of health effects of mercury but did
not necessarily translate into cleaner production. This suggests
the need to understand the mechanisms that mediate the effects
of knowledge on artisanal goldminers’ production practices
and behaviors in the work environment. Understanding the
knowledge, attitudes and practices of artisanal gold miners,
and the compositional, contextual and occupational factors that
mutually reinforce the health behaviors of these goldminers, is
very crucial given that policymakers in Ghana have sought, over
the years, to promote the diffusion of environmentally- and
health-friendly technologies in the artisanal gold mining sector,
albeit with limited success. This understanding is also critical
for sustainable management of groundwater and freshwater
resources in the country and at the basin level.
The findings of this study bear relevant policy implications for
cleaner production of gold by artisanal and small-scale miners
in Ghana and other developing countries. Although it is well-
documented that one of the keys to accomplishing sustainable
development is changing the production patterns that waste
resources and emit more pollutants than our ecosystem can
contain, research on the role of knowledge in driving human
behavior toward cleaner production in the artisanal goldmining
sector is rather nascent. The main difficulties encountered
in estimating the causal impact of work-related behaviors
of artisanal goldminers on their health include measurement
problems, sample representativeness and potential endogeneity
issues. In most cases, the health risk factors (e.g., age and
number of years of experience of miner) are often correlated
between them, besides there may be a third set of unobservable
factors that influence both knowledge of artisanal goldminers
and their health. Lately, some researchers have attempted to
surmount these confounding problems using panel data and
methodological techniques such as instrumental variables. By
and large, multidisciplinary research initiatives hold promise
in addressing the challenges associated with understanding the
nexus between artisanal goldminer’s knowledge and cleaner
production of gold.
CONCLUSION
The relationship between artisanal gold miners’ knowledge of
the health effects of mercury exposure and composition and
contextual factors was assessed. We also evaluated how this
relationship is modified when environmental, health, safety and
economic conditions within the occupational setting are taken
into account. The main objective of this study was to understand
the complex relationships among these determinants; and to
improve understanding on the most effective interventions and
policies for driving human behavior toward cleaner production.
Based on Cramér’s V statistic, the magnitude of effect size of the
determinants of artisanal goldminers knowledge of the health
effects of mercury intoxication, in decreasing order, is as follows:
occupational health problems > educational attainment >
awareness of occupational health risks > environment-related
working conditions > duration of occupational accidents >
health-related working conditions > current employment
status > safety-related working conditions > economic-
related working conditions > age > gender. Although some
artisanal goldminers were highly aware of the health effects
of mercury, this knowledge did not necessarily translate into
cleaner production behaviors. Due to different perspectives on
why artisanal gold miners still use mercury despite its well-
known health risks diverse recommendations have been made.
These recommendations suggest that our understanding of the
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complex relationships between modifiable, social determinants
and general health of artisanal gold miners is still evolving. In
this context, it is pertinent to emphasize cognitive, emotional
and motivational levels when we educate artisanal gold miners of
relevant hazards and health risks of mercury in the occupational
setting. Imagery concerning desired behavior is important when
communicating this information. Broadly, we require the need
to highlight the context and the capacity of social, economic,
cultural, and physical environments to modify the relationship
between individual characteristics of artisanal gold miners and
health; recognition of the complexity of these interactions; and
a shift of attention from treatment of sick artisanal and small
scale gold miners to addressing the factors that can forestall the
emergence of health disparities.
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